ABSTRACT
Introduction
According to the pre-operative d'Amico criteria, patients with localized prostate cancer (Pca) (PSA>20 ng/mL, Gleason 8-10, T2c to T4 disease) are considered to be at high risk, with recurrence rates ranged from 50 to 100 percent after a local therapy alone, especially if they are young, healthy and with a long life expectancy. For these patients, prostate cancer specific survival is significantly compromised [1] and surgery alone won't be able to control the disease. Instead, these patients can show signs of residual disease at the primary site with likely persistent androgen-dependent and independent subpopulation of malignant cells. They also have high risk to develop asymptomatic or symptomatic metastases. In this case, adjuvant approach may be especially important. It is well known that, in breast or colon cancers, the use of adjuvant treatment after surgery has shown a beneficial improvement in survival [2] [3] [4] [5] [6] . In Pca, randomized studies are needed to evaluate the potential effect of adjuvant therapy in these high-risk patients. The optimum adjuvant management for high-risk patients after radical prostate ctomy (RP) may consist in androgen deprivation therapy (ADT), chemotherapy, prostate bed radiotherapy (RT) or some combination of these modalities.
Adjuvant Treatment
Adjuvant treatment is defined as an additional therapy given in association with primary management. RP alone cannot be considered as an efficient curative treatment for locally advanced Pca, due to the high risk of regional or distant metastases and local failure [20, 21] . In these conditions adjuvant treatment may be important so as to control the local and/or distant disease. Importantly systemic adjuvant therapy will not compensate for insufficient local therapy.
Rationale for Adjuvant Treatment
Clinical data and preclinical models provide a rationale for adjuvant therapy and notably for the concomitant administration of hormonal treatment and chemotherapy in prostate cancer.
1) In human prostate cancer xenografts, Craft et al. [22] have shown that prostate cancers contain heterogeneous mixture of cells that vary in their dependence on androgens for growth and survival, and that treatment with anti-androgen therapy provides a selective pressure. The latter stage of androgen independence could result from the clonal expansion of androgen-independent cells that are present at a frequency of about 1 per 10 5 -10 6 androgen-dependent cells.
2) Among patients treated by RP with occult distant diseases including metastases and micrometastases, an early adjuvant hormone therapy may destroy the androgen-dependent residual tumour cells. By contrast, if the number of residual tumour cells is too important, the presence of many androgen-independent clones could make the hormone therapy ineffective and chemotherapy necessary. Pound et al. [8] observed that patients relapsing less than two years after RP had particular clinical and pathological characteristics: preoperative PSA>10 ng/ml, Gleason>7 or pT3. Survival without progression was decreased and could justify an adjuvant treatment.
3) Using Dunning R3327 rat prostatic adenocarcinoma model that creates lung metastasis on untreated recipient hosts, studies demonstrated that there was a direct relationship between primary tumor size at the time of surgical removal and the number of lung metastases [23] This concept is in favor of early treatment after local therapy such as RP. Theoretically, when the tumor burden of androgen independent cells is low, chemotherapy could be more effective. In other words, if treatment is delayed, the ability of adjuvant chemotherapy to cure the disease may be lost. These results emphasize the critical requirement of combining surgery and adjuvant chemotherapy as early as possible in the treatment of occult metastases, in order to minimize the total metastatic tumor burden and maximize the possibility of cure. In human, in recent decades, several cytotoxic agents have been tested as monotherapy in metastatic hormone refractory Pca with a certain success, at least in terms of PSA response and quality of life [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Even if these drugs are still deficient as to cure hormone refractory disease, the observed effects strongly support their significant activity on distant disease. 4) A study using the serially transplantable Dunning R-3327H rat prostatic adenocarcinoma has shown how changing the timing of androgen ablation alone and of hormone-chemotherapy can affect the tumor growth rate and host survival [34] . This study demonstrated three basic points: a) when either androgen ablation or cytoxan chemotherapy were given as a single agent treatment, they were both more effective when given as early as possible; b) when androgen ablation was combined with cytoxan chemotherapy, it was more effective when both therapies were begun simultaneously and as early as possible; and c) when androgen ablation and cytoxan treatments were initiated simultaneously and early, it was possible to increase survival as compared with the groups who were given one of the two therapies alone (i.e., such simultaneous early treatment enhanced the individual therapeutic effectiveness of both treatments).
5) Preclinical data evaluating the optimal timing and combination of androgen deprivating therapy (ADT) in LNCaP and Shionogi prostate cancer xenografts reported that the mice that received simultaneous hormone-chemotherapy had a significant improvement in time to treatment failure compared to sequential therapy. A marked lack of response to castration was observed after initial paclitaxel therapy. Moreover, transcriptional profiling identified, after paclitaxel exposure, an increased expression of several survival genes known to play a role in androgen independence [35] . These findings supported simultaneous chemohormonal therapy-adjuvant trials.
Adjuvant Post RP Treatment

Adjuvant Hormone Therapy (HT)
Messing et al. have [36] demonstrated that adjuvant HT significantly improves survival in patients with positive lymph nodes. Data were updated [37] regarding the use of immediate versus deferred ADT in patients found to have node-positive disease at the time of PR. At a median follow-up of 11.9 years, the survival results remain unchanged. The median survival for the immediate and differed ADT arms, was 13.9 years (2.1-14.5) and 11.3 years (1.3-14.2) respectively. The median disease specific survival has not been reached in the immediate arm yet (2.1-14.5 years) and in the differed arm, it was 12.3 years (1.3-14.2; p: 0.0004). The data continue to support the use of ADT in node-positive disease but it is unknown whether ADT improves overall survival in high-risk patients with negative lymph node. Mc Leod et al. [38] have recently published the preliminary results of a large trial evaluating the efficacy and the tolerability of bicatulamide (150 mg daily) as adjuvant therapy after PR or RT in patients with locally advanced prostate cancer. A total of 8.133 patients were recruited for this placebo-controlled double-blinded randomized study. With a median follow-up of 7.4 years, bicalutamide significantly reduced the risk of objective progression compared to placebo (HR: 0.75; IC 95%: 0.61-0.91; p: 0.004). There was no statistically significant difference between the two groups in terms of overall survival after RP (HR: 1.09; IC 95%: 0.85-1.39; p: 0.51). Again, in men with locally advanced prostate cancer, by 5 years follow-up, the Study by the Scandinavian Prostate Group suggests benefits in terms of progression free survival (PFS) of adding bicalutamide to RP, RT or watchfull waiting [39] . In contrast, bicalutamide provides no benefit in patients with localized prostate cancer but rather may decrease PFS.
In addition, the optimal duration of the hormonal therapy remains to be established. Adjuvant therapy has been used for duration of 2 years or 3 years in phase III trials in men with high-risk disease and the question of adverse effects should be considered in this setting.
Adjuvant Radiotherapy (RT)
Two large randomized trials, European Organization for research and Treatment of cancer (EORTC) trial 22911 and Southwest Oncology Group (SWOG) trial 8794, have reported on the beneficial outcome of adjuvant RT in patients with pathological risk factors after RP. The EORTC 22911 trial showed that adjuvant RT (60 Gy) was associated with improvement in biochemical progression free survival (74% versus 52.6% ; p<0.0001) [40] but the impact on overall survival awaits maturation on the data. In the South Western Oncology Group (SWOG) trial 8794 [41] which randomized 425 high-risk patients to adjuvant RT after RP versus RP alone, no benefit in terms of overall survival was observed in patients assigned to the adjuvant group. It was shown that adjuvant radiation reduced the risk of biochemical treatment failure by 50% over RP alone. High-risk was defined as extracapsular tumor extension, positive surgical margins, or seminal vesicle involvement. To be eligible, patients had to have histologically negative lymph nodes and a negative bone scan. Adjuvant radiation to the prostate bed (60 to 64 Gy) also seemed to reduce the risk of metastatic disease and biochemical failure at all postsurgical PSA levels [42] . Of note, in this study, the pattern of treatment failure in high-risk patients was predominantly local with a surprisingly low incidence of metastatic failure. SWOG 8794 and EORTC 22911 convincingly showed that the primary risk of treatment failure was local, suggesting that the adjuvant studies treating these patients solely with systemic therapy might have limited benefits. Additionally, offering adjuvant irradiation to all patients with pT3 disease could result in overtreatment for a number of patients, as it was exemplified by the fact that in the observation arm of the EORTC and SWOG studies, respectively 52.6% and 38% of patients did not show any biochemical relapse. Therefore a better definition of highrisk groups is necessary to reduce the overtreatment rate of RT, side effects and care costs.
Wiegel et al. [43] , in their preliminary evaluation of a Phase III study comparing RP followed by RT (60 Gy) with RP alone in patients with pT3 disease, have reported a significant improvement of relapse-free survival among patients receiving adjuvant therapy compared to the control arm; particularly in patients with a preoperative PSA> 10 ng/ml, pT3b and Gleason 8 as well as positive margins.
Adjuvant RT and Andogen Deprivation
Therapy after RP RADICALS is a large international Phase III randomized controlled trial addressing the RT to the tumoral bed (66 Gy) and ADT after RP [44] . The first randomization, performed within the 3 months after RP (the RT timing), consists in randomizing patients to immediate RT versus salvage RT. The second randomization is performed before giving RT (RT duration hormonal therapy) between no HT, short-term HT (6 months duration) and long-term HT (24 months). The primary end point will be the cancer-specific survival (CCS), the secondary end point will be overall survival. Especially, The RADICALS trial is designed to identify treatment options that could achieve an absolute increase in 10-years CCS of =>5%. 2600 patients in the RT timing randomization could detect an increase in 10-years CCS from 70 to 75% with 80% power, or from 80 to 85% with 90% power and 5% significant level. 3500 patients would be required for the HT duration randomization. The patients who have a PSA level after RP<0.2 ng/ml with some risk factors for disease recurrence that is pT3, positive margins, Gleason score>6, pre-operative PSA level of >10 ng/ml or a combination of these criteria will be included.
Adjuvant Chemotherapy:
In men with metastatic hormone-refractory Pca, two Phase III trials have demonstrated that chemotherapy based on taxotere is superior to that based on mitoxantrone plus prednisone [45, 46] . Patients receiving docetaxel-based chemotherapy had a longer progression-free survival and a better quality of life. They improved overall survival (2 months benefit) as compared with mitoxantrone groups. Overall, the use of Docetaxel is now a standard for men with hormone refractory disease. Conversely, adjuvant chemotherapy is not standard for high risk patients after RP. Should adjuvant chemotherapy be administered? Is chemotherapy the next step? [47] These questions need to be addressed in specific trials.
Schmidt et al. [48, 49] from the National Prostate Cancer Group randomly assigned 184 patients with localized advanced prostate cancer to one of the three following arms: 2 years of oral cyclophosphamide, estramustinephosphate for 2 years versus observation. After 10 years of follow-up, the estramustine-phosphate group had an improvement in relapse-free survival but there was no difference in overall survival.
In patients at high-risk for occult distant disease following RP, a phase II trial of adjuvant docetaxel was performed [50] . Treatment consisted in 6 cycles of 35 mg/m 2 docetaxel weekly given from 4 to 12 weeks following RP. At a median follow-up of 29.2 months (range 1.6 to 39.2), 26 of 46 evaluable patients (60.5%) relapsed. The observed median PFS was 15.7 months (95% CI: 12.8-25.1). This PFS is longer than the normal predicted 10 months for these patients, and adjuvant docetaxel had significant but acceptable toxicity in high-risk patients. Grade III toxicity occurred in 20 patients (26%) including dyspnea in 4, fatigue and cardiac arrhythmia in 3 and diarrhea, dizziness, nausea, acute vascular leak syndrome and hyperglycemia in 2. The incidence of Grade IV toxicity was relatively low and appeared in 3 patients. Seven patients died including 4 of prostate cancer, 1 with intra-abdominal bleeding during treatment and 2 of pneumonia and sudden cardiac deaths following treatment.
The Veterans Affairs Cooperative Study 553 [51] has been designed to prospectively evaluate the efficacy of early adjuvant chemotherapy, using docetaxel and prednisone added to the standard of care (i.e., surveillance with the addition of androgen deprivation at the time of biochemical relapse) for patients, who are at high risk for relapse after RP. Patients "veterans", are stratified for PSA, Gleason score, tumor stage, and the presence of positive margins. A planned 636 patients will be accrued and randomized to one of two treatment arms: docetaxel plus prednisone administred every 3 weeks for 18 weeks or surveillance alone. Patients will then be followed for a minimum of 1 yr and a maximum of 5 yr. The study is designed with 90% power to detect a reduction in the 5-year progression rate from 60% to 45% (15% absolute difference, 25% relative difference). The estimated study Completion Date is June 2011.
Ajuvant Chemohormonal Therapy:
Recent neoadjuvant studies have indicated that combining hormonal and chemotherapy is feasible and safe (for review see ref [52] ). Although the impact of chemotherapy on survival need to be proved in randomized trials, it is interesting to note that neoadjuvant studies, wherein hormonal therapy was not included, consistently showed declines in preoperative PSA level, ranging from 20% to 60% after chemotherapy. This indicated the likelihood of an antitumoral effect of these drugs in high risk patients irrespective of hormonal treatment [53] [54] [55] [56] .
In their study, Pummer et al. [57] evaluated whether patients with previously untreated advanced Pca benefit from combining total ADT with weekly epirubicin chemotherapy Patients with either metastatic (n=117) or locally advanced (n=28) were randomly allocated to treatment with ADT by bilateral orchiectomy and flutamide 250 mg or ADT plus weekly epirubicin 25 mg/m 2 i.v. for 18 weeks. At a median follow-up of 81 months, progression-free survival and overall survival in the ADT and E-ADT groups were 12 and 18 months (p<0.02) and 22 and 30 months respectively (p=0.12). Subjective quality of life assessment showed no impairment of quality of life by epirubicin treatment. Objective toxicities were generally mild with either treatment. The authors concluded that the combination of ADT and epirubicin was well tolerated by patients with advanced Pca and resulted in a significant extension of progression-free survival.
Wang et al. [58] have randomly assigned 96 patients with clinical T3 or T4 disease or metastatic disease to mitoxantrone plus combined anfrogen bockade versus combined androgen blockade alone. In the 38 patients without metastatic disease, a higher initial objective response (95% versus 53%; p=0.0008) and median survival (80 versus 36 months; p=0.04) were observed in patients healed with mitoxantrone plus combined androgen ablation.
In a prospective randomized Phase II study (trial PR005) [59] of adjuvant paclitaxel and ADT versus ADT alone, 47 patients with high-risk Pca were randomized after PR between paclitaxel 100 mg/m 2 once a week for 8 weeks and ADT for 3 years versus ADT for 3 years. The mean age was 58 year-old [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] , the mean PSA concentration and Gleason score were respectively 18ng/ ml and 7.4 [7] [8] [9] . Toxicity, quality of life and functional results were compared between the two arms. With a mean follow up of 36 months, 23 patients receiving paclitaxel and ADT were evaluated. Toxicity and side effets were assessed using the National Cancer Institute's Common Toxicity Criteria (version.2). Alopecia was observed in 100% of the cases. No hematologic toxicity was noted. 4 patients had neurological disorders in fingers (86% of grade I), 2 patients had nausea and/or vomiting disorders (grade I and II), 2 had asthenia (grade I) and one patient developed cardiac insufficiency not due to chemotherapy. One grade III febrile neutropenia was reported. These preliminary results indicated that adjuvant paclitaxel-based chemotherapy associated with ADT was a safe and well tolerated approach.
Local Control and Systemic Therapy
The effect of RT on survival should be considered in the context of systemic therapy, which is thought to be effective against distant disease. In breast cancer, adjuvant systemic therapy reduces the likelihood of both local and distant recurrence. A subgroup analysis in the EBCTCG metanalysis of local therapy showed that the use of RT after mastectomy in node-positive patients improved 15-year survival only in patients who also received adjuvant systemic therapy and not in patients who were treated with mastectomy alone [3] . In high-risk patients for distant metastases, such as women with positive lymph nodes, RT in the absence of systemic therapy can improve survival only in the rare patients with residual local disease who have no distant dissemination. In contrast, in node-positive patients treated with mastectomy and adjuvant systemic therapy, RT will potentially contribute to survival in patients in whom systemic therapy eradicates microscopic metastases but not residual local disease.
What is also pertinent for this review is recent evidence that, in men experiencing an increasing PSA after their primary local treatments (RP or RT), docetaxel -based systemic therapy administred every three weeks was able to reduce PSA level [60] . Authors reported a decreased > or =50% in 17 of 35 patients (48.5%) and > or =75% in seven of 35 patients (20%) with docetaxel. Again, this demonstrated the activity of chemotherapy against prostate cancer cells. In this study, chemotherapy (for up to 6 cycles) was followed by hormone therapy. In five of 33 men, the PSA remains at 0.1 ng/mL at a median of 18.9 months. Herein, it is further interesting to note that three of these five men had soft tissue metastasis at entry but remain in complete remission.
The influence of RT on local control emphazise the need in high-risk patients with Pca: 1) To select patients with high-risk of residual disease after PR (pathological margin).
In stage I or II breast cancer treated with breast-conserving surgery and RT, the patients with close margins and those with negative margins both have a rate of local recurrence (LR) of 7%. It is interesting to note that women with extensively positive margins have an LR of 27%, whereas patients with focally positive margins had an intermediate rate of LR of 14%. The use of systemic therapy adds significant effect on the risk-ratio of LR [61] . In Pca, data from the Mayo clinic indicate that 76% of patients with no positive surgical margin and 65% of patients with a single-positive margin after RP remain biochemically and clinically free from disease by 5 years; 62% with two or more positive margins had no evidence of disease by 5 years [62] . SWOG 8794 and EORTC 22911 showed evidence that the primary risk of treatment failure was local. In recent reports of EORTC 22911 using the grading, staging and surgical margins status determined by a central pathology review, it was shown that the margin status was a stronger predictor for the magnitude of the treatment benefit [63, 64] . Thus, while the 5-year biochemical PFS rates were 67.4% (95% CI: 56.1% to 76.3%) and 76.2% (95% CI: 66.1% to 83.6%) for patients with negative margins in the control versus irradiation arm, they were 77.6% (95% CI: 68.8% to 84.2%) and 48.5% (95% CI: 39.6% to 58.9 %) for the patients with positive surgical margin in the control versus irradiation arm [61] . Treatment failure is now documented to be primarily in the area of the prostate fossa, and adjuvant radiation reduces both biochemical and clinical local recurrence (22% versus 8%). In the observation arm of the EORTC study, the rate of clinical local treatment failure was four times the rate of systemic failure. In view of these data, patients with high-risk prostate cancer after PR should be given adjuvant RT as standard treatment [42] however immediate postoperative RT might not be recommended for Pca patients with negative surgical margins.
2) To identify the patients in whom the influence of local RT on mortality will be reduced and possibly eliminated with systemic therapy.
In breast cancer, Marks et al. [65] suggest that benefits of local therapy on survival has an inverted-U-shaped or parabolic relationship with increasing effective systemic therapy, so that the survival benefit derived from better local therapy increases with increasing effective therapy but only to a certain threshold of effectiveness and then declines. In the SWOG study, in the observation group, the rate of clinical local failure was 24% versus 16% distant metastases. By improving the local control, adjuvant RT was associated with a reduction in the proportion of patients with metastases (16 to 7%). Based on the above mentioned observations, these data also suggest that of-fering these patients systemic therapy could lead to limited improvement in survival [42] . The fact remains that reduction in local recurrence with systemic therapy with and without RT must be reported in further studies. The new EORTC trial 22043-30041 aims at recruiting 600 patients with a PSA level of =<0.2 ng/ml after RP and testing the value of adding 6 months of ADT to RT. The RTOG 0534 trial in patients with PSA level of 0.2-2 ng/ml after RP will compare treatment with adjuvant RT alone or with additional 5 months of ADT or similar ADT with pelvic RT.
Clinical Studies with Adjuvant ADT and/or Chemotherapy
The role of adjuvant therapy in the high-risk population following RP needs systematic study. From experience in colon and breast cancer, active agents in the metastatic setting seem to be more beneficial when used in patients with earlier stage disease. Prospects for long-term survival following surgical treatment of localized breast cancer have significantly improved with the widespread use of adjuvant systemic chemotherapy. According to the uptaded 2005, Early Breast cancer Trialist collaborative meta-analysis, combination chemotherapy was associated with an approximate 23% reduction in the risk of breast cancer recurrence. The greatest absolute benefit was noticed in younger women with lymph node-positive disease. In absolute terms, a 5-year course' of a selective oestrogen receptor modulator tamoxifen for patients with oestrogen receptor-positive tumors reduces the annual breast cancer death rate by 31% largely irrespective of chemotherapy [3] .
As with the use of adjuvant treatment in breast cancer, three randomized studies were planned to investigate chemohormonal adjuvant setting in patients considered to be at high-risk Pca after RP.
SWOG 9921 was intiated but it closed prematurely in January 2007 ( Table 1) . The primary endpoint of this trial was initially overall survival. All patients should have received 2 years of combined ADT using goserelin and bicalutamide, and half should have been treated with 6 cycles of 12 mg/m 2 mitoxantrone plus 5 mg prednisone twice daily. RT to the prostate was allowed. Study accrual was held when three cases of leukemia (AML) were reported in the mitoxantrone-containing arm. Therefore, all patients in the chemotherapy-containing arm stopped taking mitoxantrone. Although this phase III has stopped, 2 years of ADT will be continued in active patients in both arms and it may be possible to obtain precious information given the high number of patients included.
A second Phase III TAX 3501 aimed at using docetaxel as an adjuvant treatment for high-risk disease with an accrual goal of 2172 patients ( Table 2 ). The primary endpoint was PFS. Unfortunately, this study failed to meet its accrual target and was closed very recently.
The design was a 4 arms randomization to immediate versus delayed therapy with ADT plus or without chemotherapy. This trial was designed to provide valuable information on both hormonal therapy and chemotherapy in the adjuvant setting. In particular, it would have helped to define the optimal timing in adjuvant therapy among immediate postoperative period and delayed when increasing PSA was detected [66] . Of interest is that an important number of men were accrued prior to closure, and useful data on their outcomes might be possible.
A Phase II randomized trial PR005 aims at using paclitaxel as an adjuvant for high-risk disease ( Table 3 ) [59] . All patients will receive 4 years of ADT using LH-RH agonist for three years and bicalutamide 50 mg for 1 month, and half will be treated with 8 weekly cycles of 100 mg/m 2 paclitaxel. An approach to maximizing tumor-cell death with adjuvant chemotherapy is to use optimal doses of active chemotherapy drugs administered sequentially with a shortened scheduling interval. This approach, called "dose-dense," increases dose intensity (drug delivery over time) by reducing the intertreatment interval for chemotherapy delivery. A number of preclinical studies suggest that continuous dosing of chemotherapy with a very short interdose interval, so called "metronomic" scheduling, may enhance the antiangiogenic effects of chemotherapy in breast cancer [66] [67] [68] [69] [70] [71] . This current study tests a sequential dose-dense of weekly administration of paclitaxel (cumulative dose: 800 mg/m 2 ) for which the feasibility and efficacy has been assessed previously [26, 27] . In this study, frozen prostate tissue will be obtained from men undergoing RP who are enrolled in either the treatment or the control arms of the trial. These samples will be analyzed for their mRNA level expression patterns in an attempt to draw up outcome prediction models. Likewise, from these array-based methods of expression analysis, it would be ideal if we could predict the sensitivity to chemotherapeutic agents and the response to chemotherapy.
Microarrays Analysis
Microarrays analysis has been used to characterize the molecular profiles of breast cancer [72] [73] [74] . Important advances are being made in the use of genetic analysis to determine the risk of recurrence and to predict a tumor's responsiveness to adjuvant chemotherapy or tamoxifen in breast cancer [75] [76] [77] [78] [79] . These approaches may be informative to determine high-risk Pca for local recurrence or distant recurrence. Given that initiation and progression of Pca involve multiple changes in gene expression, cDNA microarray technology has been recently used to identify disease-related gene expression patterns in prostate samples [80] [81] [82] This approach has successfully detected alterations in several candidate genes associated with Pca progression [83, 84] . However, there is not any definitive molecular classification that can consistently and reliably predict the clinical behaviour of Pca yet. Nevertheless, gene expression profiling offers an alternative means to distinguish aggressive tumor biology and may improve the accuracy of outcome prediction for patients with Pca treated by RP [14, 85, 86] . Interestingly, Lapointe et al. [87] , so as to further characterize the clinical relevance of tumor subtypes identified from a gene expression profiling, used immunohistochemistry on tissue microarrays in an independent set of 225 prostate tumors in order to assess two genes as surrogate markers, namely MUC1 and AZGP1, differentially expressed among indentified tumor subgroups. MUC1 and AZGP1were found to be strong predictor of tumor recurrence. In Kaplan-Meier survival analysis, positive MUC1 staining was associated with significantly shorter time to recurrence, while strong immunostaining of AZGP1 was associated with significantly prolonged time to recurrence. Importantly, these genes were found, in multivariate analysis, as additional prognostic information over and above the known risk factors of tumor grade, stage, and preoperative PSA. These genes also provided independent prognostic value, suggesting that using two genes improves the accuracy of tumor subtyping and prognostication.
Glinsky et al. [88] reported a Pca recurrence predictor algorithm that appeared suitable for stratification of patients at the time of diagnosis into poor-and good-prognosis subsets, this, with a statistically significant difference in the disease-free survival after RP. It could provide additional predictive value over conventional prognostic factors such as PSA level and Gleason sum. Tomkins et al. [89] reported that a majority of Pca exhibit fusions between the control region of an androgen regulated gene TMPRSS2 and the coding region of the ETS family of transcription factors, most frequently ERG and much less frequently ETV1 and ETV4. The fusions are associated with an increased risk of cancer progression in patients treated surgically [90, 91] . Recently, a fourvariable model predictive of cancer-specific outcome incorporate gene expression of topoisomerase-2a, cadherine-10, the fusion status based ERG, ETV1 and ETVA expression and the aneuploïd status in men with highgrade Pca treated with RP was established [92] . The trial POO5 has used gene expression profiling to define subgroups of high-risk Pca associated with good or poor outcome. The refined gene-expression signature associated with metastases contained three upregulated and thirty down regulated gene (Personal communication).
Collectively, these data illustrate the potential helpfulness of expression profiling in the identification of high-risk patients as well as in the development of new biological markers and prognostic markers.
Conclusions
Patients with high-risk Pca after RP should be offered adjuvant RT as standard treatment. However, a policy of adjuvant RT would result in significant overtreatment: in the observation arm of the EORTC and SWOG studies, 52.6% and 38% of patients did not show any biochemical relapse. Thus, a better definition of high-risk groups is warranted to reduce the overtreatment rate of RT and to reduce the side effects and cost of this adjuvant treatment. An alternative approach to reduce the number of treated patients might be to identify subsets of patients who may significantly benefit from immediate post operative RT. Further improved in local control with adjuvant systemic treatment would also enable better results. Accumulating clinical and preclinical data suggests that the use of early HT will improve the outcome in patients with high-risk localized Pca. Yet, two randomized Phase III trials evaluating the effect of adjuvant hormonal therapy with or without chemotherapy in high-risk patients after RP have been prematurely closed. Another problem is to better distinguish diseases that will be cured with local treatement only, from those that will require an adjuvant approach. Gene expression profiling of Pca offers an alternative means to distinguish aggressive tumor biology and may improve the accuracy of outcome prediction for patients with Pca treated by RP.
